ABSTRACT
Non-alcoholic fatty liver disease (NAFLD) is a rapidly emerging chronic liver disorder and will increasingly be a critical global health problem. Diet is an important pathogenic factor of NAFLD and it is well documented that the increased prevalence of NAFLD during the last decades was associated with deep modification of dietary habits, especially increased intakes of fats and simple carbohydrates. As the disease stems from excess calorie intake and lack of physical activity, the correction of unhealthy lifestyles is the basis of any prevention and treatment strategy while drugs should remain a second-line of treatment. NAFLD patients should receive counselling for a low carbohydrate and low saturated fat diet, avoidance of fructose-enriched soft drinks and increased consumption of fruits and vegetables. The use of functional foods in NAFLD has been poorly studied and up to day only few reports are encouraging and incite the promotion of functional food approach on NAFLD prevention on the basis of food and nutritional genomics.
INTRODUCTION
Non-alcoholic fatty liver disease (NAFLD) is a rapidly emerging chronic liver disorder and will increasingly be a critical global health problem.
NAFLD represents a spectrum of liver diseases that ranges from simple hepatic steatosis to a more severe and treatment resistant stage called non alcoholic steatohepatitis (NASH). NASH features steatosis plus inflammation and fibrosis, which may in turn progress to cirrhosis, hepatocellular carcinoma and sub-acute liver failure (1).
NAFLD, which is indistinguishable in terms of alcohol-related histological forms, is present in patients without or with minimal alcohol intake (< 30 g in males and < 20 g in females) (2).
NAFLD is characterized by an aberrant accumulation of triglycerides in the parenchymal liver cells as a result of abnormal fatty acid metabolism, including: failure of the synthesis/secretion of apolipoproteins and triglyceride; excessive delivery of fatty acids (FFAs) and increased mitochondrial lipid oxidation (3).
EPIDEMIOLOGY, PATHOGENESIS AND NATURAL HISTORY

Prevalence and incidence
NAFLD is the most frequent chronic liver disease in Western countries both in adults and children (4). It is estimated that the prevalence is approximately 25%, even if it varies according to age, gender, and ethnicity (5). The incidence is two new cases/100 people/years while the 2-3% of individuals of the general population suffer from NASH (6).
The prevalence of NAFLD is higher in males, increases with age, and it is expected to increase in the following decades in association to the increase of metabolic disorders and the sedentary habits of populations of developed countries (7).
The prevalence of NAFLD among children is 3-10%, rising up to 40-70% among obese children (8).
The prevalence of NAFLD is 80-90% in obese adults, 30-50% in patients with diabetes and up to 90% in patients with hyperlipidemia (9).
Pathogenesis
NAFLD is a clinical condition associated with Metabolic Syndrome (MS), a complex entity widely present in the general population, which is characterized by the presence of increased waist circumference and 2 or more of the following conditions: 1) hypertriglyceridemia, 2) hypertension, 3) high fasting glucose and 4) a low highdensity lipoprotein level. Insulin resistance is the pathogenetic denominator that links all components of the metabolic syndrome and is also recognized as the most common risk factor for the development of NAFLD. From this point of view, NAFLD is considered as the hepatic manifestation of the metabolic syndrome. Furthermore, hepatic steatosis may precede the onset of metabolic syndrome and should be considered as the trigger of MS rather than its target (10) (11).
Despite the worldwide effort in the pathogenesis of NAFLD, the mechanism underlying the liver damage remains largely unknown.
According to a two-hit hypothesis, increased intrahepatic triglyceride accumulation is followed by a second step, which may lead to NASH. The net retention and accumulation of free fatty acid and triglycerides in the liver (the first hit) is the consequence of different and concomitant mechanisms such us: increased influx of free fatty lipid (as a consequence of insulin resistance), increased ingestion of dietary fats or carbohydrates, increased de novo lipogenesis, impaired hepatic β-oxidation of fatty acid and impaired triglyceride export. It is believed that the accumulation of fat in hepatocytes makes the liver more susceptible to adverse factors. At this point, steatosis is potentially reversible and does not necessarily lead to permanent hepatic injury (12). The "second hit" includes an imbalance of oxidative stress and lipid peroxidation of fatty acids; impaired mitochondrial and peroxisomal oxidation of fatty acids and the release of inflammatory cytokines, chemokines, and adipokines with the consequence of lobular inflammation, hepatocyte necrosis, apoptosis and cell dropout. The final result is a necroinflammatory hepatisis (NASH) that can lead to significant fibrosis (13) (14).
Recently, an alternative pathogenetic mechanism has been hyphotized. The new model suggests that many hits act equivalently, resulting in liver inflammation. In particular, dietary gut-derived and adipose tissue-derived factors (pro-inflammatory adipocytokine, IL-6 and TNFα) may play a central role in determining liver inflammation that may precede steatosis in NASH (15).
Natural history
The natural history of NAFLD is still not well defined; however, it is known that the majority of individuals with steatosis do not develop NASH and, simple steatosis will usually follow a benign course (16). On the contrary, patients with non-alcoholic steatohepatitis have an increased risk of mortality related to liver relatedevents (liver failure, complications of portal hypertension, HCC) and cardiovascular diseases (17).
Although an indirect association between NAFLD and cardiovascular diseases is expected, given the close association between NAFLD and classical cardiovascular risk factors (obesity, diabetes, hypertension and dyslipidaemia) a growing body of evidence supports a direct role for NAFLD in the pathogenesis of atheromatous cardiovascular diseases. The mechanism of any direct effect of NAFLD on cardiovascular risk remains unclear; therefore, possibilities include the release of atherogenic inflammatory cytokines and pro-coagulant factors from the steatotic liver (18).
ROLE OF DIETARY COMPONENT IN THE PATHOGENESIS OF NAFLD
Diet is an important pathogenic factor of NAFLD. At present, it is well known that eating habits of patients with NAFLD/NASH differ greatly from a control group. In particular, patients with NAFLD/NASH consume food rich in saturated fats, cholesterol and fructose (soft drinks), and a diet poor in polyunsaturated fatty acids (fish and olive oil), fiber and antioxidants molecules such as vitamin C and vitamin E (19). An excessive consumption of high glycemic index food appears deleterious, as it favors hyperglycemia and hyperinsulinemia and stimulates de novo lipogenesis. In fact, high-glycemic index foods have been related to increased hepatic fat in both rodents and humans (20) . Similarly, simple carbohydrates (fructose) stimulate hepatic de-novo lipogenesis and decrease lipid oxidation, thus leading to increased fat deposition. Conversely, monounsaturated lipids such as oleic acid (the primary component of olive oil), linoleic acid and n-3 fatty acids decrease the accumulation of intrahepatic lipids (21), (22), (23). Considering the pathogenic mechanism outlined above it is possible to envision at least 3 examples of how the diet, or the imbalance between the various food components can influence the emergence and progression of NAFLD (Figure1).
1. Genomic mechanism: It is well-known that the plasma level of some food components can influence the transcription of regulatory genes responsible for the activation/deactivation of enzyme systems of lipid metabolism. For example, polyunsaturated fatty acids and coffee are able to up-regulate the PPAR-α gene expression, favoring a higher rate of β-oxidation in the liver with a reduction of fat deposition (24), (25), (26).
Inflammatory mechanism:
A diet deficient in fiber (with pre-and probiotic properties) can alter the intestinal flora and promote, (by modifying intestinal permeability), the translation of inflammatory cytokines through the portal vascular system in the liver. A diet rich in fruits, vegetables, omega 3 and coffee plays an anti-inflammatory role by inhibiting the secretion of specific proinflammatory cytokines (27), (24).
3. General oxidative mechanism: A diet low in antioxidant molecules (such as vitamin C and vitamin E, well represented in fruits and vegetables) reduces the total pool of antioxidant defenses and favors the oxidative damage (28).
THE APPROACH TO NAFLD WITH DRUGS
The increase in knowledge of the mechanisms that cause liver damage in NAFLD has stimulated the search for therapies that specifically target in contrasting the pathogenic mechanism of the disease (29).
The association of NAFLD with insulin resistance has provided the rationale for evaluating medical therapies that increase insulin sensitivity. The use of metformin is associated with normalisation of transaminases in 50% of cases, decreased steatosis assessed by ultrasonography, a partial improvement in necro-inflammation and less evident in fibrosis after 1 year of treatment (30). Although metformin was well tolerated and a biochemical improvement was shown, histological data remain very limited (31). Pioglitazone and Rosiglitazone are members of the thiazolidinedione family of antidiabetic agents that stimulate the peroxisome proliferator-activated receptor-gamma. They increase β-oxidation and reduce histological steatosis and inflammation, but unfortunately they do not show any influence on fibrosis (32) (33) (34) (35).
The depletion of antioxidant molecules within hepatocytes, resulting in impaired ROS inactivation, is the basis for antioxidant supplementation which is a potential treatment for NASH. The lipid -soluble antioxidant, α-tocoferol (vitamin E), has been demonstrated to inhibit lipid peroxidation and to suppress inflammatory cytokines such as tumor necrosis factor. Its use in the treatment of NASH improves steatosis, ballooning and inflammation (36).
Promising results are currently available for Silybin. In humans, Silybin acts as a free radical scavenger, which suppresses the proliferation of hepatic stellate cells and the deposit of collagen in vitro. Sylibin is rapidly absorbed in humans when conjugated with a phytosome and vitamin E, even if no comparison between histological data before and after treatment are available (37) (38).
Ursodeoxycholic acid (UDCA) is the most studied molecule for treatment of NAFLD, and initial pilot trials have proved to be promising as a NASH-specific therapy. UDCA could prevent steatosis by protecting against mitochondrial injury, by inducing a plasma membrane stabilizing effect, and by decreasing lipid peroxidation. Moreover, UDCA increases hepatocyte levels of glutathione and thio-containing proteins, therefore protecting hepatocytes against oxidative injury (39).
However, the only large controlled trial has shown that the use of UDCA has not documented any benefit in patients with NASH (40).
Beneficial effects of anti-TNF-alpha therapies have been demonstrated in animal models of NASH, and two pilot studies in patients with NAFLD have reported improvements in aminotransferase levels and histology. Given the emerging importance of pro-inflammatory cytokines in both liver pathology and insulin resistance, it seems likely that cytokines and their regulatory molecules will become major therapeutic targets in NAFLD in the near future (41).
Some types of antihypertensive drugs improve steatosis. In a study carried out by Georgescu et al. in 2009, valsartan and telmisartan, angiotensin receptor blockers with PPAR-g-modulating activity, was used in a randomized trial with 54 hypertensive NASH patients for 20 months. Both agents improved steatosis; telmisartan significantly improved ballooning, lobular inflammation and fibrosis compared to valsartan (42). Telmisartan significantly reduced insulin resistance, plasma tryglicerides, and total cholesterol whereas the blood pressure-lowering effects were similar to either agent. Currently, telmisartan is the only agent that improves fibrosis in NASH: whether the combination of PPARg and angiotensin receptor blockers activity of telmisartan may mediate its extensive metabolic and histological benefits still needs to be confirmed in larger RCTs (43).
The cannabinoid system has been increasingly emerging as a crucial mediator of acute and chronic liver injury. Recent experimental and clinical data have indicated that peripheral activation of cannabinoid CB1 receptors promotes insulin resistance and liver steatogenesis, two key steps in the pathogenesis of non-alcoholic fatty liver disease. Moreover, CB1 receptors activation have proved to enhance the progression of liver fibrogenesis. These findings provide a strong rationale for the use of CB1 antagonists in the management of NASH (44). Rimonabant, an antagonist of CB1 receptors, is able to reverse computed tomography-assessed steatosis and significantly decreased aminotrasferases (45), but it induced a series of neuropsychiatric effects that was deemed unacceptable by regulatory authorities, and both the drug and the trials were abruptly terminated (46).
The frequent coexistence of NAFLD with dyslipidemia and the increased cardiovascular risk of these patients make statins an attractive therapeutic tool in NAFLD. Despite these premises, data on statin efficacy in NAFLD are sparse due to feared hepatotoxicity of these drugs. A meta-analysis of 13 large trials have shown no increased risk of statin hepatotoxicity (47). Very recently, Harrison et al. found no beneficial effects of simvastatin treatment on biochemical and histological parameters in obese subjects with NASH (48).
Fibrates are safe and effective lipid-lowering agents in patients with NAFLD. Although this drug causes an improvement in liver tests and glucose levels, and decreases the percentage of subjects with metabolic syndrome, liver histology does not seem to improve significantly during treatment (49).
LIFE STILE MODIFICATION
There is consensus to declare that nonpharmacologic interventions aimed at correcting unhealthy lifestyles simultaneously treat all the clinical manifestations of the metabolic syndrome and are an effective treatment option in NAFLD (29).
Lifestyle changes include weight loss in overweight patients, dietary changes and increase of physical exercise (50).
As the disease stems from excess calorie intake and lack of physical activity, the correction of unhealthy lifestyles is the basis of any prevention and treatment strategy; drugs should remain a second-line treatment. Several studies have shown that the cornerstones of a healthy lifestyle: caloric restriction, weight loss and physical activity have a specific therapeutic role in NAFLD, improving insulin sensitivity, preventing disease progression and reducing the burden of the disease.
Weight loss
Despite the fact that weight loss and dietary and lifestyle changes are recommended as primary treatment for fatty liver, no specific guidelines exist pertaining the weight loss. The preponderance of the evidence supports the hypothesis that the moderate caloric restriction resulting in modest weight loss, (about 10% of initial weight), favourably modifies numerous surrogate end-points and is 
Title Outcomes
Cytokines and NASH: a pilot study of the effects of lifestyle modification and vitamin E (53).
Low-fat diet and exercise were associated with improvement in liver enzymes, cholesterol, and plasma hyaluronic acid levels in patients with NASH.
Randomized controlled trial testing the effects of weight loss on non-alcoholic steatohepatitis (54) Weight reduction achieved through lifestyle intervention leads to improvements in liver histology in NASH. Low birth weight and catch-up-growth associated with metabolic syndrome: a ten year systematic review (55) .
Diet and increased physical activity induces weight loss and significant improvement in liver histology and laboratory abnormalities in pediatric NAFLD.
Effect of a 12-Month Intensive Lifestyle Intervention on Hepatic Steatosis in Adults With Type 2 Diabetes (56).
An intensive lifestyle intervention leading to 8% loss of body weight was successful in both reducing hepatic steatosis and decreasing the risk of incident NAFLD.
helpful in improving liver function tests and insulin sensitivity (51) but, to a lesser extent, histological endpoints. It is also suggested that overweight individuals and those with visceral obesity should follow a hypocaloric diet aimed at 0.5 kg/week weight loss (52) . On the other hand, it is unknown whether these results can signify reduction in morbidity and mortality. The main papers published on the effectiveness of weight loss in patients with NAFLD are listed in Table 1 .
Dietary approach
Dietary effects on whole-body metabolism and its regulation on hormones, transcription factors, and lipid metabolic pathways are considered to play a central role in NAFLD. It is now well documented that the increased prevalence of NAFLD and metabolic syndrome during the last decades was associated with deep modification of dietary habits, especially increased intakes of fats and simple carbohydrates.
In particular, the amount and type of fat intake can directly affect hepatic fatty infiltration and oxidative damage (57) ; and the energy consumption of fructose from sweetened beverages in patients with NAFLD was more high compared with control patients with non-steatotic livers (p < 0.05) (58) .
Several studies have pointed out that the inclusion of n-3 and n-6 fatty acids, MUFAs, high contents of fiber and reduced intake of saturated fats, simple carbohydrates, and sweetened drinks may be universally recommended to NAFLD patients (59) . On the other hand, very few studies on the effects of specific foods components on the features of NAFLD have been performed. Preliminary results suggest that the consumption of n-3 fatty acids found in fish oils and walnuts is likely to improve blood lipid profiles and reduce inflammation, steatosis, and liver damage in NAFLD patients.
It has also been reported in literature that an olive oil-rich diet decreases accumulation of TGs in the liver, improves postprandial TGs, glucose and glucagonlike peptide-1 responses in insulin-resistant subjects, and upregulates glucose transporter-2 expression in the liver (60) . The beneficial effects of olive oil against NAFLD were, principally, due to the decrease in NF-κB activation, a decrease in LDL oxidation and an improvement in insulin resistance.
The olive oil effects relate its mono-unsatured fatty acid composition and its polyphenols with antiinflammatory and antioxidant properties. A preliminary study reported a significant improvement of liver echotexture and of the Doppler Perfusion Index associated with a reduction of circulating liver enzymes, triglycerides and with a significant improvement of adiponectin levels after the long-term consumption of olive oil enriched with n-3 PUFA in patients with NAFLD (61) . Furthermore, in a recent animal study Vitaglione et al reported that coffee consumption, and in particular the polyphenol component, protects the liver from damage caused by a high-fat diet in a rat model of steatohepatitis through the reduction of hepatic fat accumulation, systemic and liver endogenous antioxidant protection and liver inflammation (24).
Moreover, considering the ability of probiotics in inhibiting oxidative and inflammatory liver damage (62) and the capacity of tea extracts in reducing serum levels of liver enzymes, lipid peroxidation and production of mitochondrial reactive oxygen species, in animals models of NAFLD (63) , healthy properties of probiotic and antioxidant-rich foods could also be investigated in NAFLD patients.
Physical activity
Prescriptive diets have a limited long-term efficacy; after a short period, most patients resume their old dietary habits and weight regain is the rule (64).
Physical activity, usually in combination with diet, but independent of weight loss, improves liver enzymes and reduces liver fat with uncertain results on hepatic necroinflammation (65) .
Many studies have demonstrated that caloric restriction, weight loss and exercise training improve insulin sensitivity (66) (67) (68) (69) . These beneficial effects are now considered to reflect, at least in part, the effect of exercise on the activation of AMPK (5' adenosine monophosphateactivated protein kinase).
In addition, physical activity is able to decrease plasma insulin concentration by an increased hepatic clearance and by a reduced secretion mediated by a stimulation of alpha adrenergic receptors, which binds the adrenalin level of the pancreatic beta cells in the insula. In vitro studies have shown that glucose uptake during muscle contraction occur through a mechanism independent of insulin and that insulin and muscle contraction have additive effects on glucose transport (70) .
Finally, the addition of exercise training to a weight-loss program causes further improvement in other metabolic CHD (Coronary heart disease) risk factors and physical function. Therefore, diet therapy plus exercise is recommended to improve obesity-and aging-related derangements in metabolic and physical function in older adults (71) .
Aerobic exercise and cardiorespiratory fitness are factors that may directly determine change in liver fat, beyond their effect on weight loss. In particular, cardiorespiratory fitness is closely associated with mitochondrial function, an important determinant of lipid oxidation (72) .
However, there are no recognized criteria for the optimal intensity, duration, or total volume of exercise needed to obtain these beneficial effects. Physical training, consisting of 20 min cycling or running, 20 min swimming at submaximal heart rate, followed by 20 min of warm up/cool down three times per week for 4 weeks, resulted in a significant reduction in body weight and percentage of body fat, and this was associated with improved wholebody glucose uptake, decreased fasting insulin concentrations and increased circulating adiponectin and mRNA expression in muscle (73) . However, very few studies have tested the effectiveness of intensive behavior therapy in NAFLD, aimed at lifestyle modifications to produce stable weight loss by reduced calorie intake and increased physical activity. On the other hand, recently, Kistler and colleagues showed that vigorous, but not moderate exercise, nor total duration or volume of physical activity, is related to decreased odds of having NASH or advanced fibrosis (74) .
Prospective studies using the strict criteria to measure physical activity, addressing the role of concurrent weight loss, and assessing elementary histological features are needed to further clarify the effects of exercise on NAFLD.
On the other hand, most NAFLD patients fail to meet current recommendations for physical activity and it is very difficult to ensure that patients increase physical activity.
The behavioral approach may give patients the practical instruments to achieve their eating and exercise goals, incorporate them into a lifestyle and maintain the results for a long period, thereby possibly guaranteeing long-term durability of change. Cognitive-behavioral treatment should be provided to patients at risk of advanced liver disease, and this action should be coupled with prevention strategies at the population level. Only a synergistic approach and a global societal response might be effective in reducing the burden of advanced liver disease and premature death due to NAFLD/NASH (75).
FUNCTIONAL FOODS AND NAFLD
The concept of functional foods includes foods or food ingredients that exert a beneficial effect on host health and/or reduce the risk of chronic disease beyond their basic nutritional functions (76) . The Institute of Medicine of the National Academy of Sciences (1994) has expanded this definition to ''any food or food ingredient that may provide a health benefit beyond the traditional nutrients it contains''. According to ILSI Europe functional foods are food products to be taken as part of the usual diet in order to have beneficial effects demonstrated scientifically to justify two specific type of claims: the enhanced function claim or the reduction of disease risk claim.
Interest in the health benefits of foods has been sparked by factors including rising health care costs (71), legislative changes that permit claims for foods and associated components (77) and by the emergence of new and exciting scientific discoveries (78) .
The use of functional foods for the prevention and treatment of NAFLD has been poorly studied and up to day only few reports are encouraging and incite the promotion of functional food approach on NAFLD prevention on the basis of food and nutritional genomics (79) (80).
CONCLUSIONS
NAFLD is a rapidly emerging chronic liver disorder and will increasingly be a critical global health problem. Diet is an important pathogenic factor of NAFLD and there is consensus to declare that non-pharmacologic interventions aimed at correcting unhealthy lifestyles simultaneously are an effective treatment option in NAFLD. As the disease stems from excess calorie intake and lack of physical activity, the correction of unhealthy lifestyles is the basis of any prevention and treatment strategy while drugs should remain a second-line treatment.
All NAFLD patients should receive counselling for a low carbohydrate and low saturated fat diet, avoidance of fructose-enriched soft drinks and increased consumption of fruits and vegetables.
Currently, it is commonly accepted that the goal of reducing the number of people living with NAFLD could not be achieved without a global approach and the contributions of public health, special care and especially general practitioners. 
